PURPOSE Trastuzumab has shown an overall survival (OS) benefit in patients with human epidermal growth factor receptor 2 (HER2)-positive breast cancer (BC), in both the adjuvant and the metastatic setting. We assessed the effectiveness of trastuzumab in patients treated in daily practice according to national treatment coverage protocols and compared our results with those reported by randomized clinical trials. These coverage protocols included patient selection criteria similar to those of those clinical trials and were developed by the Uruguayan National Resource Fund (FNR), the agency that has funded these prescriptions for more than a decade.
INTRODUCTION
In initial clinical trials, trastuzumab in association with paclitaxel as first-line therapy was shown to be beneficial in metastatic human epidermal growth factor receptor 2 (HER2)-positive breast cancer (BC), with a positive impact on patients' overall survival (OS). 1 Subsequent randomized clinical trials also showed its efficacy as adjuvant therapy, improving patients' diseasefree survival and OS. [2] [3] [4] However, there are doubts as to whether the results from clinical studies can be directly translated to regular clinical practice, not only because there can be differences in patient and health system characteristics but also because global access to cancer care and treatment practices may change. 5, 6 As a consequence, cost-effectiveness estimations can differ, depending on whether clinical trial or clinical practice data are taken into account. These considerations are particularly important for agencies that finance high-cost drugs when reviewing financial coverage decisions. Therefore, when deciding whether to incorporate high-cost medication into a universal coverage system, payers need welldefined strategies for monitoring indications and evaluating results.
The information available on the use of trastuzumab in routine clinical practice in developed countries indicates that real-life outcomes could resemble those observed in randomized clinical trials, both in adjuvant settings [7] [8] [9] and in advanced BC. [10] [11] [12] [13] However, there is Author affiliations and support information (if applicable) appear at the end of this article.
Accepted on December 11, 2019 and published at ascopubs.org/journal/ go on February 11, 2020: DOI https://doi. org/10.1200/JGO. 19 . 00299 still a need for data on the efficacy of trastuzumab in routine clinical practice in developing countries. Consequently, we are especially interested in determining the survival rate of patients treated with trastuzumab no longer in a clinical trial setting, but in real life.
Uruguay has achieved universal health coverage for its entire population, including high-cost drugs, which have been provided by the National Resource Fund (FNR) since 2005 under coverage protocols. 14 The FNR, a nongovernmental public institution created by law in Uruguay in 1979, is part of the National Integrated Health System and provides financial coverage for high-cost procedures and medications. In 2006, trastuzumab was incorporated into the coverage of the FNR for the adjuvant treatment of BC and subsequently, in October 2008, for neoadjuvant therapy and for the treatment of advanced disease. With the aim of obtaining results similar to those reported in the randomized clinical trials that demonstrated clinical benefit, the FNR coverage protocols established selection criteria and methods analogous to those included in the pivotal trials. 15 These protocols are reviewed and updated periodically to reflect the evolution of new scientific evidence and to adapt them to the specific context of the health system in Uruguay. In addition, the FNR has developed an information system to record patients' clinical and paraclinical data and to monitor therapeutic results. These tools provide decision makers with elements to base their decisions on and offer objective parameters for coverage that remains sustainable over time. Hence, a close relationship is established among quality, equality, and sustainability. Given the key importance of ensuring quality access to high-cost therapies, we considered it of special interest to assess the effectiveness of trastuzumab since its incorporation into the FNR and to compare the results with those obtained in pivotal clinical trials.
PATENTS AND METHODS

Study Goals
Primary goal. To estimate the OS rate of Uruguayan patients with HER2-positive BC treated with trastuzumab provided by the FNR in between 2006 and 2016, globally and according to disease stage and treatment modality (adjuvant, neoadjuvant/adjuvant, and for metastatic disease).
Secondary goal. To analyze the clinical, pathologic, and biologic characteristics at diagnosis of Uruguayan patients with HER2-positive BC, including age, menopausal status, stage, and biologic subtype on the basis of tumor estrogen receptor (ER) and progesterone receptor (PR) expression.
Study Design and Data Collection
We conducted a prospective study of a cohort of patients with HER2-positive BC treated with trastuzumab under FNR coverage approved in the period extending from January 1, 2006, to December 31, 2016. During this period, clinical, paraclinical, and follow-up data were collected by trained data managers from the application forms completed by the patient's oncologists and from reports of the paraclinical studies, including CBC, liver and renal function tests, assessment of left ventricular ejection function by echocardiography, and systemic imaging studies, (chest computed tomography [CT], abdominal with or without pelvic CT, bone scan, and positron emission tomography /CT) if indicated. Collected data were recorded in the System Information Database of the FNR. After controlling for the validity and quality of the recorded information, the database was anonymized.
The data gathered included age at diagnosis, menopausal status, TNM stage (on the basis of the American Joint Committee on Cancer's TNM classification, 7th edition, 2010), ER and PR status by immunohistochemistry (IHC; a cutoff point of 1% was used to define ER and/or PR positivity), trastuzumab treatment modality (adjuvant, neoadjuvant, or for metastatic disease), associated systemic therapies (chemotherapy, hormone therapy), and date of death or date of last follow-up.
HER2 testing was performed using the methodology reported in the ASCO/College of American Pathologists HER2 testing guideline. 16 HER2 status was considered positive in IHC 3+ cases or in situ hybridization validated. All patients gave their informed consent to use their information for research.
CONTEXT
Key Objectives
What are the treatment outcomes of Uruguayan patients with HER2-positive breast cancer treated in daily practice according to national treatment coverage protocols? Knowledge Generated Five-year OS in the adjuvant setting was 86.4% (95% CI, 84.0% to 88.7%). The median survival of patients with advanced BC was 25.1 months (95% CI, 10.1 to 42.5 months). Our survival results are not inferior to those reported in clinical trials, in both adjuvant and advanced settings.
Relevance
The current study sheds light on the outcomes of Uruguayan patients with HER2-positive BC in real life; therefore, it provides useful information to adjust the coverage protocols of trastuzumab in HER2-positive breast cancer in our country.
During the study period, trastuzumab was covered for the adjuvant/neoadjuvant therapy for patients with operable HER2-positive BC with positive regional lymph nodes, or with negative nodes and a primary tumor with an invasive component ≥ 1 cm. Trastuzumab was also covered for patients with HER2-positive, locoregionally advanced, or disseminated tumors. 15 All patients received chemotherapy (with or without endocrine therapy, according to ER and/or PR status), with protocols selected from those validated by pivotal clinical trials with trastuzumab. No patient was treated as part of a clinical trial.
Statistical Analysis
Two subtypes were defined on the basis of the positive or negative expression of ER and PR in IHC:
1. HER2+, ER+, and/or PR+ 2. HER2+, ER-, and PR-
The primary end point was OS, which in patients with nonmetastatic BC (stages I, II, and III) was defined as the interval from the date of BC diagnosis to the date of death or to the date of last follow-up in patients alive at the date of survival analysis. In patients with metastatic BC, OS was defined as the interval between the date of diagnosis of the disseminated disease and the date of death or last followup. The patients alive at the date of last follow-up were censored at that date.
The Kaplan-Meier method was used for the statistical analysis, and the difference in survival between groups was evaluated using the log-rank test. Statistical significance was considered when P , .05. For the comparison between more than 2 groups, analysis of variance was used. The statistics package used was SPSS 22 (Armonk, NY).
Ethical Aspects
The current study was performed in compliance with the international ethical standards applied to biomedical re- Fig 1) .
The OS at 5 years of patients with operable BC (stages I to IIIA) who received adjuvant (with or without neoadjuvant) trastuzumab (n = 1,233) was 86.4% (95% CI, 84.0% to 88.7%; Fig 2) . Figure 3 presents the OS for patients with stages I to III BC according to receptor status (HR− v HR+). The comparison of the OS curves showed statistically significant differences only for patients with stage II (P = .001) and stage III BC (P = .029; log-rank [Mantel-Cox]).
DISCUSSION
The allocation of resources for anti-HER2-targeted therapies in BC is a real challenge faced by health policy makers and the agencies that provide the funds for this type of medication. 17, 18 Because clinical studies are performed with highly selected patients under optimal conditions, their survival and safety outcomes may not be reproduced in routine clinical practice. [19] [20] [21] Moreover, it is well known that there are social determinants of BC survival, such as access to health services and quality of BC care, which may vary among countries. 22, 23 Consequently, we can question whether the results obtained from clinical trials will be the same in real life.
Our study included 1,944 women with HER2-positive BC, with a mean age at diagnosis of 52.8 years, and with a peak incidence ranging from 45 to 60 years. This differs from the peak incidence of other biologic subtypes of BC, such as HER2-negative luminal tumors, whose peak incidence is observed in postmenopausal women, and it also differs from that of triple-negative tumors, whose peak is seen in young premenopausal women. [24] [25] [26] Most patients presented with early-stage tumors (stages I to IIIA, n = 1,233 [63.4%]) and with HR-positive disease (63.7%).
The OS of patients who received adjuvant trastuzumab was comparable to that reported by the pivotal randomized trials of adjuvant trastuzumab. [2] [3] [4] Indeed, these studies reported a 5-year OS ranging from 87% to 91%, being 86.2% (95% CI, 83.3% to 88.6%) for the 1,366 patients who received adjuvant trastuzumab and 86.4% (95% CI, 84.0% to 88.7%) for the subgroup with operable disease (stages I to IIIA [n = 1,233]). The 5-year OS reported by the HERA trial 2 (ClinicalTrials.gov identifier: NCT00045032) was 87%, the same we observed here.
Regarding the selection criteria, we think they are mainly comparable to the HERA trial: (1) similar inclusion criteria for patients with negative axilla, including patients with tumors larger than 1 cm (regardless of HR status), (2) the completion of at least 4 courses of adjuvant chemotherapy, and (3) no requirement for the administration of trastuzumab concurrently with chemotherapy.
With respect to patients characteristics, three differences stand out among our patients who received adjuvant therapy: (1) the mean age at diagnosis (49 years in HERA v 52 years in our study), (2) the percentage of patients with node-positive axilla (57% in HERA v 49.6% of 1,233 patients with early-stage disease in our study), and (3) the percentage of patients with HR-negative BC (50% in HERA v 30.7% in our study). These differences could have an impact on outcomes because they involve prognostic factors. Regarding this, our study supports the notion that HR expression should still be considered a prognostic factor in HER2-positive BC (Fig 3) .
Regarding metastatic BC, the median survival observed in our study was 25.1 months, similar to that reported for stage IV patients treated with trastuzumab in the pivotal study reported by Slamon et al. 1 Comparable results were also reported in previous studies that evaluated the efficacy of trastuzumab in real-life advanced BC. 10, 11 Likewise, our results confirm those reported by the few studies that have addressed the real-life outcome of patients with HER2-positive BC treated with trastuzumab, in both the adjuvant and 7,9 the metastatic setting. [10] [11] [12] This real-life study has undeniable strengths including the high number of patients analyzed, the inclusion of patients in all age groups, and the long follow-up. Furthermore, the data were collected prospectively as the treating physicians requested the medication from the FNR, and the information available provided the main prognostic and predictive factors, such as disease stage, the number of positive lymph nodes, and the status of HRs. A limitation was that, in some cases, the clinical data requested, such as menopausal status, were not complete. Despite the active search to minimize missing data, and regular data monitoring to ensure adequate information, some data could not be retrieved for all patients, which is a limitation of our study.
Importantly, all data were verified by reviewing pathologic reports; HER2, ER and PR reports; and reports corresponding to the imaging studies of disease extension. With regard to the time it takes to authorize or deny trastuzumab applying the current FNR procedures (current median time = 7 days), we consider that it is provided in a timely manner, within an acceptable lapse of time. 
Effectiveness of Trastuzumab in a Real-Life Setting
As far as we know, this is the first study in Uruguay and in Latin America to analyze the survival of a significant number of patients with HER2-positive BC treated with trastuzumab in clinical practice and with a long follow-up. The OS results for the Uruguayan patients with HER2positive BC treated with trastuzumab under the FNR coverage regulations are comparable to those reported by the pivotal randomized clinical studies, in both the adjuvant [2] [3] [4] and the metastatic setting. 1 Likewise, our results confirm those reported by the few studies that have addressed the reallife outcome of patients with HER2-positive BC treated with trastuzumab, both in the adjuvant and 7,9 in the metastatic setting. [10] [11] [12] In addition, these results confirm the appropriate access to the other components of BC treatment (ie, surgery, radiotherapy, chemotherapy, and hormonotherapy) in our Integrated National Health System. The fact that no serious bureaucratic obstacles were found to be hindering or delaying the appropriate access to trastuzumab led us to conclude that the regulations and administrative procedures currently implemented are reasonable and effective. Importantly, the current study sheds light on the national outcomes of our patients with HER2-positive BC in real life; therefore, it provides useful information to decision makers in charge of deciding policies for the reimbursement of targeted therapies. 
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